Imaging examinations are frequently performed during emergency care. Following the increased popularity of cranial computed tomography examinations (CCTs), the analysis and interpretation of cranial imaging has become common practice for the neurologist, neurosurgeon and radiologist 1, 2, 3 . In numerous centers, full-time radiologists who evaluate CCTs are often unavailable, such that these examinations are interpreted by the neurologist or neurosurgeon on call 4 . Moreover, in many institutions, it is the emergency physicians who initiate the treatment of patients based on their interpretation of radiographic images, including CCTs, which are then reviewed by a radiologist 5 . It has been demonstrated that discrepancies can occur in the interpretation CCTs between radiologists and emergency physicians, in around 8 to 11% of cases 6 . A number of studies exist that compare the interpretation of examinations between radiologists and emergency physicians 2, 5, 6, 7 ; however, few studies discuss the accuracy of neurosurgeons at interpreting imaging examinations compared with radiologists 3 . The purpose of this study was to analyze the rate of agreement in the interpretation of CCTs between two neurosurgeons and a radiologist in an emergency department.
method
A total of 250 CCTs with a mulslice cranial computer tomography scan were performed on patients admitted to the emergency department of São Lucas Hospital of the Santa Casa de Belo Horizonte between July and August 2011, which were randomly distributed for analysis by one of three professionals, two neurosurgeons and a radiologist specialized in neuroradiology. All the professionals independently interpreted all the CCTs and none of them knew the patients beforehand. Reports resulting from analysis of the CCTs were detailed in a standardized form, in which general epidemiological data obtained from medical records were analyzed. Twenty-three examinations were excluded because they were inadequately filled out, thus 227 CCTs were included in the statistical analysis.
Initially, each of the health professionals determined whether the CCT was normal or abnormal, followed by details of any abnormalities identified. The following groups were considered: ischemic and hemorrhagic stroke, intracranial hematomas(subdural hematoma, extradural hematoma or intraparechymal hemorrhage), intracranial mass lesion, pneumoencephalus, skull fractures, brain contusions, lesions with mass effect, midline deviation plus than 5 mm, hydrocephalus and other injuries not previously discriminated.
Statistical analysis was performed using the program SPSS 18.0 ® . The following variables were determined: neurosurgeon 1 (NS1) x radiologist (RAD); neurosurgeon 2 (NS2) x radiologist; and neurosurgeon 1 (NS1) x neurosurgeon 2 (NS2). The level of agreement when identifying the CCT as either normal or abnormal was evaluated using the Kappa test. The same test was also used to identify the correlation between the radiologist and the two neurosurgeons regarding findings of ischemia, brain tumor, hydrocephalus, mass effect, midline deviation plus than 5 mm, pneumoencephalus, and leukoaraiosis/reduced of brain volume to verify whether an tomographic alteration identified by the radiologist was also observed by the neurosurgeons. These values were expressed as percentage of agreement between each of the pairs. The Kappa test was also performed to evaluate the degree of agreement among these professionals. The Kappa values were divided for analysis: less than zero, no agreement; 0 to 0.19, poor agreement; 0.20 to 0.39, weak agreement; 0.40 to 0.59, moderate agreement; 0.60 to 0.79, substantial agreement; and 0.80 and 1.00, almost perfect agreement, as per Landis and Koch 8 .
results
In the 227 CCTs analyzed, patient age ranged from one month to 90 years old. Sixty-three CCTs were described as normal by RAD, compared with 91 by NS1 and 110 by NS2. In several CCTs, more than one abnormality was described. In these cases, each abnormality was analyzed separately to determine whether each of them had been observed by all the examiners.
The initial evaluation to determine whether the CCT was normal or abnormal showed that the Kappa values were substantial between NS2 and RAD and between NS1 and NS2. Between NS1 and RAD, the Kappa value determined achieved a level which we consider to be almost perfect (Table 1) .
Concerning the identification of abnormalities, the Kappa test showed a substantial level of agreement among the three professionals ( Table 2) .
Regarding the abnormalities reported, in comparisons between the neurosurgeons and the radiologist, the rate of agreement was substantial between NS1 and RAD for identifying findings of ischemia, intracranial hematoma (only subdural hematomas were found in this sample), brain tumor, midline deviation and hydrocephalus. Agreement for the finding of mass effect was moderate. For the findings of pneumoencephalus agreement was weak, while for leukoaraiosis and reduced brain volume, it was poor. RAD always identified a greater number of changes than NS1 for all pathologies (Table 3) .
When the findings of NS2 were compared with RAD, substantial agreement was shown for hematomas, hydrocephalus and intracranial tumors, moderate agreement was shown for ischemia, pneumoencephalus, midline deviation and mass effect and poor agreement was shown for leukoaraiosis and reduced brain volume (Table 3) . Again, RAD always identified a greater number of changes than NS2 for all pathologies. RAD also identified the greatest number of changes in all the groups analyzed. 
dIscussIon
Research evaluating the quality of the analysis of health care professional who are not radiologists in their interpretations of imaging examinations, particularly those directly related to emergency care, where a full-time radiologist is not always available, has shown growth in recent years.
In this work, our group aimed to verify the rate of agreement between two neurosurgeons and a radiologist in the interpretation of CCTs performed in an emergency department.
Analysis of the results showed a substantial rate of agreement among the examiners in identifying normal and abnormal CCTs. This is fundamental when screening patients in an emergency room for subsequent treatment decisions. The rate of agreement of both NS1 (0.81, almost perfect agreement) and NS2 (0.71, substantial agreement) with RAD was high. Agreement between the two neurosurgeons was also substantial. Mukerji et al. 3 analyzed 192 CCTs to compare the rate of agreement among neurosurgeons and radiologists in identifying normal CCTs and determined Kappa values ranging between 0.51 and 0.85, similar to our results.
In our evaluation of the rate of agreement with RAD for diagnoses of abnormal tests, the rate for NS1 was 0.75 and for NS2 was 0.62, both of which indicate substantial agreement. Analysis of agreement regarding CT imaging evaluations according to pathology showed that the highest rates of agreement between the neurosurgeons and the radiologist were observed for intracranial hematomas, hydrocephalus and ischemic lesions. This is of great importance as these lesions often require emergency surgery procedures, where the wrong diagnosis could compromise the clinical outcome. Mukerji et al. 3 also demonstrated high levels of agreement for diagnosing intracranial hemorrhage (subdural hematoma, intracerebral and subarachnoid hemorrhage) when they analyzed the interpretations of radiologists and neurosurgeons. The worst rates of agreement in our series were observed when diagnosing changes interpreted by the radiologist as reduced brain volume and leukoaraiosis; the Kappa value for NS1 was 0.21 and for NS2 was 0.17, indicating poor agreement. Erly et al. 9 analyzed the interpretation of radiology residents compared with neuroradiologists in the evaluation of 1324 CCTs, demonstrating greater disagreement in skull fractures and cerebral ischemia. In the work of Mukerji et al. 3 , the main disagreements between radiologists and neurosurgeons were the loss of differentiation of gray and white matter and ischemia. In our series, the highest rate of disagreement concerned changes described as leukoaraiosis, where the radiologist identified far more cases than the neurosurgeons. This change is defined as a nonspecific radiological sign that has been observed in both healthy and sick individuals 10 . Leukoaraiosis in CCTs can be related to a risk of cerebrovascular disease, but the extent of its involvement remains uncertain and it has no influence on emergency procedures 11 . This study has numerous limitations, particularly with respect to the limited number of examiners and the large number of CCTs diagnosed as normal, which reduced the universe of abnormalities that were evaluated.
Despite these, we can conclude that for pathologies that must be diagnosed quickly to determine procedures that should performed while in the emergency department, the level of agreement between the three professionals analyzed was satisfactory but further investigations are necessary due the studies limitations. 
